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Abstract of JP1 00931 37 

PROBLEM TO BE SOLVED: To improve carrier 
implantation and pair-recombination by adjusting the 
composition and thickness related to each sub-layer to 
minimize cracks in a material and making a thickness 
of a corresponding sub-layer thinner as doping amount 
of a sub-layer increases. SOLUTION: A small amount 
of doping is applied to a first sub-layer 16A for avoiding 
cracks and formed into a thickness which is desirable 
for good materia! quality. Its doping level is Nd 
=2E18cm<-3> , and the related thickness is 3.5&mu m. 
A large amount of doping is applied to a second sub- 
layer 16B for obtaining a good N contact forward 
voltage and electric resistance characteristic. A doping 
level is Nd =8E18cm<-3> , and a related thickness is 
0.4&mu m. A third sub-layer 16C is doped to a desired 
level for obtaining an optimum carrier implantation and 
pair-recombination. N-contact electric resistance, 
implantation of a small amount of carrier and 
recombination characteristic can be improved without 
generating cracks. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The device and the (a) substrate which are characterized by including (a) and (b) below, (b) It is the compound 
device layer of yIn1-yN arranged on a substrate (AlxGa 1-x). This compound device layer The related presentation chosen 
according to the physical characteristic to which the 1st and 2nd sub layer is included, and each sub layer corresponds, 
The thickness of said corresponding sub layer becomes thin, so that it has thickness and doping level, the presentation 
and thickness relevant to each of said sub layer are carefully aajusted so that the crack of an ingredient may be 
suppressed to the minimum, and doping of said sub layer increases. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to manufacture of the device of the gallium nitride base. As this invention 
does not receive the crack of an ingredient it especially aims at the improvement of the light extracted from the 
luminescence device of the gallium nitride base by an electrical property and the list. 
[0002] 

[Description of the Prior Art] The compound of the gallium nitride (GaN) base emits light on the green of the light, the 
range of blue, and the wavelength of a near ultraviolet ray. Since it is difficult for the gallium nitride of a single crystal to 
make it grow up. the commercial GaN substrate for carrying out epitaxial growth of the device of the GaN base cannot 
come to hand. Now, epitaxial growth of the luminescence device (LED) of a great portion of GaN base is carried out on 
silicon on sapphire. It becomes difficult for a difference of the lattice constant between silicon on sapphire and the semi- 
conductor of the GaN base and coefficient of thermal expansion to grow up the epitaxial layer of the high quality GaN base 
into silicon on sapphire. Furthermore, it is almost impossible to obtain a GaN semi-conductor high P type [ conductive ] 
because of the combination of an N type high background concentration level and P type low doping activity. Although the 
concept of a fundamental heteroj unction device fully came to be understood over during many years Because of these 
difficulties, it is a yIn(AlxGa 1-x)1-yN (here, it is 0<=x<=1 and 0<=y<=1) ingredient system (these are known as AIGalnN 
until now.). Development of the green or heteroj unction laser with the sufficient effectiveness which emits" a blue light and 
LED which were used has been barred. 

[0003] When the importance of a researcher growing up GaN or an AIN buffer layer at low temperature at the anaphase of 
the 1980s was discovered, LED of the GaN base where effectiveness is high became what has possibility. If a buffer layer 
is grown up into a sapphire layer at low temperature, the gestalt of the AIGalnN layer grown up succeedingly will be 
improved, and N type background concentration level of an AIGalnN ingredient will fall. The conductive P type GaN growth 
for activating P type dopant became easy by connecting heat annealing after growth, or a low energy electron beam 
exposure to this. By advance of such a technique, the progress condition of the device development of the AIGalnN 
ingredient system for optoelectronics and other applications was accelerated sharply. 

[0004] Although growth of the good AIGalnN device on substrates other than sapphire was attained by the latest advance, 
these substrates are not necessarily marketed widely yet New buffer ingredient systems other than AIGalnN (zinc oxide 
ZnO) are also used. It came to be used as a substrate for growing up a thick AIGalnN single crystal and growing up an 
AIGalnN device after that on silicon and the wafer of sapphire, by H VPE (hydride gaseous phase epitaxial law). Silicon 
carbide (SiC), ZnO, bulk GaN, and various garnets were also used, and a success is dedicated. Rather than sapphire, since 
lattice matching of these substrates is far carried out well to GaN, although a good device layer is obtained, they may not 
need a reserve buffer layer. However, aside from whether a buffer layer is used in all cases, according to the desired 
device property (it is (like the color of the light emitted)), between a substrate and an AIGalnN device layer, the difference 
of a large lattice constant exists too. This arises for the lattice constant (they being the electrical and electric equipment 
and an optical property to a list) of a yIn(AlxGa 1-x)1-yN layer changing with the molecular proportion of x and y. The 
problem of the quality of an ingredient will be faced like the case of the growth on sapphire as a result. 
[0005] 

[Problem(s) to be Solved by the Invention] Generally, if a buffer layer is grown up on a substrate, it will become possible to 
grow up a device layer good N type and P type. However, if the thickness of the layer to which a lot of doping was 
performed exceeds several micrometers (micrometer) when N doping of an AIGalnN device layer increases and it exceeds 
measurement result 2E18cm-3 by the hall effect (for example, GaN layer which doped Si within LED), since grid 
mismatching with a substrate and the difference of coefficient of thermal expansion will become large, there are some 
device layers which show a severe crack, using a film, when the device of the advanced technology needs a lot of doping - 
- moreover, when a thick layer is needed, a crack is suppressed by reducing the amount of doping to the minimum. The 
thickness of a layer becomes thin in order to prevent a crack, if the amount of doping of a device layer increases. 
However, in order to maintain the quality of an ingredient, the 1st thick device layer (generally 3-4 micrometers) is needed, 
and on the other hand, if there are many amounts of doping, N contact resistance in N dope layer, forward voltage, and a 
bulk resistor will fall, and it will become possible electric and to raise [ of a device ] the optical engine performance. The 
crack of an ingredient will have remarkable effect on the engine performance of a device, and will spoil dependability. 
[0006] It is the description very desirable for optimization of an electrical property (for example, forward voltage and series 
resistance) that the ingredient of LED is good to the increase of the amount of N type doping and coincidence in one or 
more device layers of LED. 
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[0007] It is still more useful, if doping can be optimized so that carrier injection and opposite recombination may be 

improved since the power efficiency of light is raised. 

[0008] 

[Means for Solving the Problem] Without causing the crack of a device layer. N type doping in the compound of an m-V 
group nitride semiconducting compound, i.e., GaN, AIGaN, AlInN, InGaN, or the GaN base like AIGalnN can be optimized so 
that N contact electricity resistance, a turn-on and forward voltage, minority carrier impregnation, and a recombination 
property may be improved. This is realized by manufacturing a compound device layer equipped with some sub layers N 
type. A dope sub layer corresponding N type is prepared for every desired electrical property or special feature. 
Corresponding thickness becomes thin, so that the crack of an ingredient may be avoided, it is chosen carefully and the 
amount of doping of thickness of each sub layer needed increases. 

[0009] In the case of the luminescence device (LED), the N type compound device layer is equipped with three sub layers. 
The doping level of each sub layer is chosen so that the selected physical property may be optimized. Doping is not 
performed, or little doping is performed and the 1st sub layer is grown up to desirable thickness for the quality of a good 
ingredient in order to avoid a crack A lot of doping is performed and the 2nd sub layer is maintained at thinness required 
to avoid the crack of suitable and an ingredient so that good N contact, forward voltage, and an electric resistance 
property may be acquired. Although the 3rd sub layer is doped to desired level so that the optimal carrier injection and 
opposite recombination in a barrier layer of a device may be obtained, generally, the doping is more nearly little than the 
2nd sub layer, and, in a request, can increase suitable **** and its thickness. 
[0010] 

[Example] N type LED10 of this invention is shown in drawing 1 . (AlxGa 1-x) The yIn1-yN buffer layer 14 is arranged on a 
substrate 12 like silicon on sapphire. The compound device layer 16 of N type AIGalnN is arranged in piles at the AIGalnN 
buffer layer 14. Duplex hetero structure is formed from the single of device sub layer 16C, the barrier layer 18 grown up on 
the compound device layer 16, and the compound semiconductor of AIGalnN, or the compound P type layer 20. 
[0011] The compound device layer 16 is equipped with three sub layers 16A, 16B, and 16C of an AIGalnN ingredient like 
GaN:Si which carried out N dope. Each sub layer has the doping level of a proper. In order to avoid a crack, little doping is 
performed, and 1st sub layer 16A is grown up to desirable thickness for the quality of a good ingredient. Doping level of 1st 
sub layer 16A can be referred to as Nd=2E18cm-3 (measurement result by the hall effect), and related thickness can be 
referred to as 3.5 micrometers. As for 2nd sub layer 16B, a lot of doping is performed so that good N contact forward 
voltage and an electric resistance property may be acquired. Doping level of 2nd sub layer 16B can be referred to as 
Nd=8E18cm-3 (measurement result by the hall effect), and since related thickness avoids a crack, it can be kept at 0.4 
micrometers or less. As for 3rd sub layer 16C of an option, doping is performed to desired level so that the optimal carrier 
injection and opposite recombination may be obtained in the barrier layer 18 of a device. Doping level of 3rd sub layer 16C 
can be referred to as Nd=2E18cm-3 (measurement result by the hall effect). According to the 3rd sub layer, in blue, a 
green light emitting diode (LED), and a duplex hetero structure luminescence device like laser (edge luminescence laser 
and perpendicular resonance mold face luminescence laser), it becomes possible to carry out doping control separately so 
that the optimal current impregnation and recombination may be obtained. 

[0012] The process flow chart 30 about the device shown in drawing 1 is shown in drawing 2 . In step 40, a buffer layer is 
directly formed on silicon on sapphire. In step 50, although the 1st N type device sub layer is directly formed on a buffer 
layer at the growth temperature of the range of 300C-1500C. the thickness of the 1st sub layer may be changed among 
1.0 micrometers - 300 micrometers. Although the 2nd sub layer is formed on the 1st sub layer at equivalent growth 
temperature in step 60 Generally the thickness of the 2nd sub layer is 0.05 micrometers - 1.0 micrometers. N type doping 
level Nd=8E18cm-3 are exceeded (measurement result by the hall effect), doping level is chosen so that the electrical 
property of a device may be optimized, and a sub layer becomes thin, so that rt is kept thin enough and its amount of 
doping of a sub layer increases, in order that thickness may avoid a crack. In step 70, it is formed on the 2nd sub layer so 
that the 3rd sub layer of an option may become the selected doping level and thickness. Doping level and thickness are 
chosen so that current impregnation and optical recombination may be improved. In step 80, the remaining device layers 
are formed on a combinational-device layer at the growth temperature of the range of 300C-1500C. 

[0013] As for a sub layer, it is possible to make it grow up using one of much the available technique, such as OMVPE, (for 
this to also be called MOCVD (metal organic chemistry vacuum deposition)), MBE (molecular beam epitaxy), GSMBE (gas 
source MBE), or HVPE (hydride gaseous phase epitaxial law). (AlxGa 1-x) If a yIn1-yN sub layer may have the same 
chemical composition, it may not be the same (namely, x [ same ] and y molecular proportion). If it may change rapidly 
between sub layers, a presentation and/or doping level of a sub layer may change gradually instead covering the whole 
thickness of a sub layer, if it may change gradually quietly covering finite thickness. 

[0014] Like instantiation, although a compound layer equipped with three sub layers N type improves N electric contact 
resistance, forward voltage, current impregnation, and a radiative recombination, without causing the crack of a device 
layer, it is possible also for a presentation, thickness, and doping level of each class adding an additional N type sub layer 
so that it may be adapted for the electrical property or physical property of the request for this device. Compound 
structure can be extended so that the crack problem produced one by one in the layer to which the layer or P doping to 
which N doping was performed at other large quantities in a semiconductor device was performed further may be 
mitigated. 

[0015] As mentioned above, although the example of this invention was explained in full detail, the example of each 
embodiment of this invention is shown hereafter. 

[0016] The device and the (a) substrate (12) which are characterized by including (a) and (b) below, (Embodiment 1) (b) It 
is the compound device layer (16) of yIn1-yN arranged on a substrate (AlxGa 1-x). This compound device layer (16) The 
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related presentation chosen according to the physical characteristic to which the 1st and 2nd sub layer (16A, 16B) is 
included, and each sub layer corresponds, The thickness of said corresponding sub layer becomes thin, so that it has 
thickness and doping level, the presentation and thickness relevant to each of said sub layer are carefully adjusted so that 
the crack of an ingredient may be suppressed to the minimum, and doping of said sub layer increases. 
[0017] (Embodiment 2) A device given in the embodiment 1 characterized by containing further the buffer layer (14) which 
intervenes between said substrate and said compound device layer. 

[0018] The 3rd sub layer (16C) which is further equipped with the doping level relevant to said compound device layer, and 
is arranged on said 2nd sub layer is contained, (Embodiment 3) A device given in the embodiment 2 characterized by 
choosing said related doping level of said 3rd sub layer so that the physical property of the optimal carrier injection for 
luminescence and opposite recombination may be brought about in a barrier layer. 

[0019] (Embodiment 4) A device given in the embodiment 1 characterized by choosing said related doping level of said 1st 
sub layer (1 6A) so that the physical characteristic of the good quality of an ingredient may be brought about, and choosing 
said related doping level of said 2nd sub layer so that the physical characteristic of low electrical resistivity and low device 
forward voltage may be brought about. 

[0020] (Embodiment 5) A device given in the embodiment 4 to which said related doping level of said 2nd sub layer (16B) 
is characterized by performing a lot of doping compared with said related doping level of said 1st sub layer. 
[0021] (Embodiment 6) A device given in the embodiment 5 characterized by performing doping which changes gradually 
from said 1 st sub layer to said 2nd sub layer in said compound device layer (16). 

[0022] (Embodiment 7) A device given in the embodiment 6 to which the presentation of said compound device layer (16) 
is characterized by changing gradually from said 1st sub layer to said 2nd sub layer. 

[0023] (Embodiment 8) A device given in the embodiment 5 to which the presentation of said compound device layer (16) 
is characterized by changing gradually from said 1st sub layer to said 2nd sub layer. 

[0024] (Embodiment 9) A device given in the embodiment 5 to which said related doping level ratio of said 1st sub layer 
and said 2nd sub layer is characterized by being between 1-100,000. 

[0025] The 3rd sub layer (16C) which is equipped with the doping level relevant to said compound device layer (16), and is 
further arranged on said 2nd sub layer is contained, (Embodiment 10) A device given in the embodiment 4 characterized by 
choosing the doping level to which said 3rd sub layer relates so that the physical property of the optimal carrier injection 
for luminescence and opposite recombination may be brought about in a barrier layer. 

[0026] (Embodiment 11) A device given in the embodiment 1 to which said compound device layer (16) is characterized by 
consisting of P type yIn(AlxGa 1-x)1-yN ingredients. 

[0027] (Embodiment 12) A device given in the embodiment 1 to which said compound device layer (16) is characterized by 
consisting of N type yIn(AlxGa 1-x)1-yN ingredients. 

[0028] (Embodiment 13) A device given in the embodiment 12 characterized by choosing said related doping level of said 
1st sub layer (16A) so that the physical characteristic of the good quality of an ingredient may be brought about, and 
choosing said related doping level of said 2nd sub layer so that the physical characteristic of low electrical resistivity and 
low device forward voltage may be brought about. 

[0029] (Embodiment 14) A device given in the embodiment 13 characterized by performing a lot of doping compared with 
said related doping level of said 1st sub layer in said related doping level of said 2nd sub layer (16B). 

[0030] (Embodiment 15) A device given in the embodiment 14 characterized by performing doping which changes gradually 
from said 1st sub layer (16A) to said 2nd sub layer (16B) in said compound device layer. 

[0031] (Embodiment 16) A device given in the embodiment 14 to which the presentation of said compound device layer is 
characterized by changing gradually from said 1st sub layer (16A) to said 2nd sub layer (16B). 

[0032] (Embodiment 17) A device given in the embodiment 13 to which said related doping level ratio of said 1st sub layer 
(16A) and said 2nd sub layer (16B) is characterized by being from 1 to 100,000. 

[0033] The 3rd sub layer (16C) which is equipped with the doping level relevant to said compound device layer (16), and is 

further arranged on said 2nd sub layer (16B) is contained, (Embodiment 18) A device given in the embodiment 13 

characterized by choosing said related doping level of said 3rd sub layer (16C) so that the physical property of the optimal 

carrier injection for luminescence and opposite recombination may be brought about in a barrier layer. 

[0034] (Embodiment 19) A device given in the embodiment 18 characterized by performing a lot of doping compared with 

said related doping level of the 1st sub layer (16A) in said related doping level of said 2nd sub layer (16B). 

[0035] (Embodiment 20) A device given in the embodiment 19 characterized by containing further the buffer layer (14) 

which intervenes between said substrate (12) and said compound device layer (16). 

[0036] (Embodiment 21) A device given in the embodiment 20 to which the ratio of said related doping level of said 1st sub 
layer (16A) and said 2nd sub layer (16B) is characterized by being from 1 to 100,000. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] N type compound layer is drawing showing the device of this invention grown up first 

[Drawing 2] It is the flow chart of the manufacture process about the device shown in drawing 1 . 

[Description of Notations] 

1 2: Substrate 

14: N type buffer layer 

16: Compound device layer 

16A: Sub layer 

16B: Sub layer 

16C: Sub layer 

1 8 Barrier Layer 

20 P Type Compound Semiconductor Layer 
[Translation done.] 
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